This paper discusses the meaning of open source in an industrial context. Building a grounded theory from an industry-driven R&D project, our analysis shows that open source in an industrial context is multifaceted. We find that the meaning of open source must be established in the context of the individual organization.
Introduction
Over a decade has passed since the fledgling Linux industry coined the term open source to overcome resistance to industry adoption of free software [24] . Throughout this period, open source has been advocated as a viable alternative form of software development that will revolutionize the software industry [2] . A recent addition to the ongoing discussion on the impact of open source contends that open source has undergone a transformation to a more mainstream commercially viable form where vendors provide their products as open source [9] .
While we agree that open source has undergone such a transformation, the nature and form of this shift is more of an open question. [28] . By offering a grounded theory with three categories of open source in an industrial context, this paper offers a guide for practitioners to match the fluidity of open source with their organization's activities.
To this end, the paper is organized as follows. Section 2 gives an overview over related work on industrial adoption of open source. Section 3 presents the research setting and method, while Section 4 presents an analysis of the data and our findings. Finally, concluding remarks are given in section 5.
Related work
OSS has been advocated as a viable alternative form of software development that which revolutionize the software industry [2] . With this premise, a critical topic for research is therefore to understand how OSS changes the way the software develop and provide software. Even though there is a trend towards higher industrial involvement in OSS de-velopment [12] , most research has focused on the big, successful OSS projects such as Apache, FreeBSD, Linux, and Mozilla [23] . Two recent literature reviews on OSS development [26] and OSS research [30] illustrates this by barely mentioning OSS in a commercial context.
Defining the OSS phenomenon has been a key preoccupation of the OSS research literature. These definitions have been targeted at a bilateral audience consisting of the OSS communities and commercial companies. First, to shape the hacker identity [29] and second to create a credible option for companies [25] . Although many observe that OSS "is not a precise term" [11, page 35] and that " [t] here is a great variation in perceptions of the OS phenomenon" [18, page 157], definitions and characterizations of OSS are still predominantly of community-driven OSS development [23] . This, despite the fact that the existing literature on OSS in a commercial context illustrates that there is a spectrum of commercial approaches to OSS [8] .
Depending on their organizational opportunities, a company may try to implement one of several business models [13, 15] . Two generic business models are the "support seller", where a company sells services on top of OSS, and the "loss-leader", where a company uses OSS to drive the use of industrial software product by promoting OSS [13] . How companies actually implement these business models vary and Bonaccorsi et al. found a "significant heterogeneity in . . . the degree of openness to OS" [4, page 1085 ].
This heterogeneity is reflected in the literature by a variety of specific topics, like adoption [10] , re-use [19] , integration [21] , maintenance [33] , and evaluation [6] . Several of these activities are also studied within the software engineering field for instance [17] . In addition to adopting OSS products companies have started to show interest in the tools and development practices used in OSS communities. By looking at successful OSS projects, companies can adopt these tools and practices into their own organization [7, 20] .
Despite company involvement in about one third of the top 300 SourceForge projects [5] , company contributions to OSS projects have so far gained minor attention. Company contributions to OSS projects will primarily come through individual developers [16] or from more substantial company commitment [14] . Companies not only contribute to the development of community-driven OSS, but many wellknown OSS products originate in commercial companies as well.
Companies may provide a variety of different OSS products. For instance programming languages, operating systems, and integrated development environments [32] . Providing such products is not trivial [3] , and therein lie the challenges in maximizing the benefits from an OSS development model through for example code contributions [31] .
In 
Research method
Research setting -This paper reports from research performed in COSI 1 , a European industrial research and development project. The project's goal is to increase awareness of industrial usage of distributed collaborative software and OSS. COSI is organized as a consortium of 13 industrial and academic partners from 5 countries.
The COSI project runs for 3 years, from November 1 2005 until October 31 2008. It is is organized into work packages (WPs) covering: community and business models, development processes, and software architecture. Each work package has a five-phased research design as outlined in Figure 1 . The industrial partners execute two case executions, related to improvement work in their own organization. The overall COSI research design is that of a multi-case study; each industry partners improvement work is considered a single case study. A short overview of the phases are given below:
• State of the art: The partners document their state of the practice of interest, while the academic partners work on the state of the art of a related area. Based on this, the companies select their case for the first case execution.
• 1st case execution: Depending on the company context, this case execution is improving the company practices on the selected area or preparing an improvement in the second case execution.
• Improvement: Using the results of the first case execution, the goals for the second case execution are identified and defined.
• 2nd case execution: Activities to realize the improvement goals of the improvement phase are planned, executed and observed/measured.
• Validation: The case executions are validated; depending on each partners use of this design, both case executions or only a single case execution are validated.
The authors' role -All of the authors participate in the COSI project as representatives of academic partners. As representatives of the project partners, we function as subproject managers of one sub-project within the WP on development processes, and two sub-projects within the WP Figure 1 . COSI research design on community and business models. As sub-project managers, we have been closely involved with planning for and reporting from the industry partners' case studies. We participate in the COSI project as part of our individual research agendas as open source researchers within respectively software engineering and information systems research. While we participate in working towards the common goals of the COSI project as project partners, the project is also as one of several research settings where we are doing research on open source. In this paper, we therefore report from the COSI project as open source researchers.
Materials -The results presented in this paper are based on an analysis of the industrial partners' activities during the three first phases of the COSI R&D project. The analysis is based on several data sources'.
• Two project deliverables: Each documenting the first iteration of the case studies and planning for the second iteration from the WP on communities and business models and from the WP on development processes [34, 22] .
• We have performed 21 interviews with developers and managers from 5 industrial partners. We have taped and transcribed some of the interviews, while making notes from others.
• Three of the authors have performed 2 workshops with one industrial partner to facilitate planning for the second iteration of case studies. In addition, one of the authors had a postmortem session with another industrial partner. In both cases, notes were made.
As project participants, we have also spent time talking to the industrial partners during five project meetings held in 2006 and 2007 to learn more about their organizations and case studies.
Data analysis -The analysis focused on exploring how the industrial partners develop with open source. Through an iterative process of open and axial coding, we have built a grounded theory [27] with three categories of 'developing with open source in an industrial context' among the COSI partners, along with a set of sub-categories. These are presented in Table 3 .
Developing with OSS in an industrial context
Two of the authors grouped and summarized the COSI partner reports, describing their activities in the project. Together, all reports [23, 34] illustrate the variety among the industrial partners' adoption of open source in industrial software development. While all COSI partners believe that they 'are doing open source software development', they use open source in different ways and in different contexts, aiming at different partner specific goals and experiencing that there exist different success criteria and enablers. As a consequence of the COSI research design, the partners are focusing on how to improve their own use of open source and describe their goals for the improvements activities. The purpose of this analysis is therefore to empirically illustrate how OSS is used in different ways by the COSI partner companies, and how the way the COSI companies develop software with open source is shaped by the opportunities the organization sees in adopting open source in software development. In the context of these companies, we seek to illustrate how OSS in industrial software development is a multifaceted phenomenon shaped by factors internal to companies and the environment in which they are situated. As such, we identify three broad categories of developing with OSS among these companies:
• Developing with OSS tools and practices
• Developing with OSS products There are variations among the companies, and we give some examples within each of the three main categories. These categories, along with examples from the COSI project are summarized in Table 3 . The remainder of this section is dedicated a more thorough presentation of each of the three categories with examples from the COSI project. These examples reflect the companies own use of open source. The relation between the categories is discussed later in this paper.
Developing with OSS tools and practice
This category covers the use of OSS development tools and OSS practices [20] in the development activities of the COSI partner companies. Examples of tools that are used by the COSI partners are editors, compilers, build environments and issue trackers. Some partners have also introduced software practices that are commonly associated with successful OSS communities. The software developed by partners in this category does not have to be an OSS product.
Beyond the issue of tool choice for software development and/or use of OSS practices, we found the COSI partners addressing several issues within this category.
Code Sharing -Two of the COSI partner companies applied tools and practices to improve their development practices on code sharing [7] . In one case, the company -developing a software product line -is introducing code sharing between different development teams, where one team is developing core components and the remaining teams are integrating these into different products. In doing so, the company sees two opportunities, making this approach worthwhile: increased knowledge sharing between the development teams and shorter time-to-market. In a second case, a company adopts SourceForge and OSS project structures, to provide an infrastructure for code sharing. However, in this case the focus is on reusing previously developed software in new projects.
OSS tool standardization -The use of OSS development tools is widespread and several of the COSI partners use OSS development tools by default. In addition to software development, OSS tools can be used as part of consulting services. One company in the project has built their own framework for process modeling on top of Eclipse. Together with Eclipse, this tool is used in the company's consulting services.
Distributed development -Another company in the COSI project experienced a shift towards geographically distributed software development internally in the company.
To support this development, a transition towards an OSS configuration management tool with Internet support was started. A different case is the support for nomadic software development that has been introduced by another COSI partner company. In this case the company wants to support their developers in case they are without network access, and make it possible to make changes to local copies of the code repository.
Developing with OSS products
Developing with OSS products encompasses development activities where OSS products are adopted and integrated into a software system. An OSS product canamong others -part of the technical infrastructure of a software system, or a component offering some service. Typical activities for this category are selecting OSS products [6] , maintaining or customizing OSS products [33] as well as integration issues [21] . The examples from the COSI R&D project give insight into how these practices are shaped by company context and opportunities each company pursues in adapting these practices.
Selection -Several COSI partner companies are addressing issues in their selection practices. The variety of issues illustrate how different the partners handle OSS product selection based on their environment. These issues involve full lifetime management -managing all stages involved in using an OSS product for its entire lifetime, including licenses and the companies available competence with a product -, risk evaluation [17] -evaluating the risk related to selecting an OSS product, especially "infrastructure" components -, and balancing responsibility -by balancing the responsibility for the selection of an OSS product between organization and individual; this aims at preserving the individuals enthusiasm and initiatives, and reducing the risk for bad selections through organization control of the selection.
Integration -There are two concerns among the COSI partner companies that have an influence on their integration of OSS products. First, one partner chose to wrap OSS products before integration. In order to have a stable version of their own software this partner decided to make it independent of the actual OSS products and make it possible to replace the OSS products. Second, another partner designs an architecture of OSS products that their own product is using.
Outsourcing -By providing an OSS content management system (CMS) one of the companies in the project is offering an extendable platform for its users and allow them to extend the platform with plug-ins. By catering for this development, the company outsources the development of plug-ins to the platform users, which in turn use the OSS platform as a building block in their software. These plugins are important for the products success and much of the customized functionality the users want is found in these plug-ins. Some of these plug-ins have also been incorporated into the final CMS. The company has thereby succeeded in outsourcing some of the development effort to the community while the users benefit from the plug-ins developed by others.
Developing OSS products
The last category covers the development of OSS products, i.e. releasing the software using an open source license and making it available for download [9] . Users of this OSS product are free to use and change the software as long as the license agreement is not violated. Other typical activities within this category are promotion of an OSS product and the establishment of an associated community.
Distribution of effort -Among the opportunities that are pursued by partners developing OSS product is distribution of effort. This can be achieved by establishing a community of volunteers, and motivating it to submit ideas, bug fixes and code to the product. In one case, a company establish a community to recruit partners that have an interest into the product and are willingly to take on their share of effort and responsibility to develop a product. Developing the product alone would be to expensive for the company. In another case, a company was starting a community of volunteers to receive contributions to expand the product with new functionality. In addition the community is regarded as a recruitment opportunity to hire new staff.
Standardization -One project partner has in one of its products implemented a much used standard for handling, storing, and transmitting information. To be able to test implementations of such a standard it is necessary to have a validation tool which checks the conformity of an implementation. The one who controls the validation tool controls, how the standard should be implemented. To establish this implementation as a de facto standard and to ensure that other implementations are compatible with their implementation the project partner has developed and released a validation tool. This tool has been released as open source to increase the diffusion of the validation tool and to strengthen the position of their implementation as the de facto standard.
Inter-company cooperation -Inter-company collaboration on a software product owned by one of the companies in the collaboration can be difficult. The participants in such collaboration may not want to give the ownership of their software to another company and, in fear of lawsuits it may be difficult to accept code from another company. To avoid challenges related to intellectual property and legal issues, one company released their product under an open source license and created an open source community with the other partners in the collaboration. This made it easier to get contributions from other companies while avoiding the legal conflicts related to accepting them.
Differentiating -In a saturated marked with many competitors, a software provider may use the open source label to differentiate itself and its products from the competitors and their products. There are several possible advantages of having a product licensed as an OSS product. Some examples are; community contributions may increase product quality, the product is available without any license fees, and the fact that OSS products give the customers vendor freedom and enable them to get support in case the provider goes out of business. These and other advantages can be used to make the company and their product stand out.
Conclusions
The above analysis of development with open source in the COSI R&D project shows that while there is a shift towards a more commercially viable form of OSS among the partner companies. However, the nature and form of this shift is not given. How they adopt OSS in their software development is shaped by factors internal to the companies, as well as the environment they are part of.
The implication of this is as follows. Rather than seeing companies' adoption of OSS in software development taking a singular form it needs to retain its multifaceted form in order for OSS to remain a commercially viable alternative.
Companies must adapt open source to their particular organizational context and environments. However, providing three categories for developing with open source in an industrial context, can contribute to make practitioners more aware of the multifaceted nature of the phenomena. This awareness may help them to understand how they better can utilize open source in their organization.
Our analysis identifies three distinct categories for developing with open source in an industry context, based on our experience from the COSI project. The different categories show how OSS is used in different ways and for different purposes. The way OSS used by the companies is thus also shaped by the opportunities that are perceived and pursued. Other classifications of how OSS is used in an industrial context exist and highlight other aspects than the one highlighted by this paper. One such example uses the following three categories: using existing OSS, contributing to exist-ing OSS projects, and releasing proprietary software under an OSS license [1] .
The categories identified by this work are not exclusive in the way that a company only uses OSS in one way. Based on our experience from the COSI project, we find it likely that companies that develop with OSS products also will use OSS tools and practices, but not necessarily vice versa. The same holds for companies developing OSS products, where it is most likely that they also develop with OSS products, tools and practices. While having performed the first two steps of grounded theory, we have not performed the third step, selective coding [27] . The purpose of selective coding is to refine the developed theory. Doing selective coding to establish the relationship between our categories will be future work.
Our sample is a convenience sample of the 13 companies in the COSI project. The theory we build is grounded in and limited to this sample. There is no saturation of subcategories and new aspects of using open source in an industrial context will emerge both from our sample and when we expand our sample of companies in our future work.
However, our results support for our claim that open source is not a singular phenomena and that companies have to match the fluidity of the term with the activities of their organization to utilize open source in their organizations.
